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Technical Bulletin No. 274, United States 
Department of Agriculture, Hot Water as an Insecticide 
for the Japanese Beetle and its Effect on the Roots of 
Nursery Plants, by Walter E. Fleming and Francis E. 
Baker. 

Page 6.  In the sixth line from the bottom. Figure 
6 should be changed to Figure 5. 

Page 37. In the list of species of Iris, the line 
reading: 

pseudacorus.■. Yellowflag iris... Retarded, 
should be changed to read: 

pseudacorus... Yellowflag iris...  Do. 
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INTRODUCTION 

One of the important problems in the control of the Japanese 
beetle, PopilUa japónica Newman, is the development of methods 
for treating the subterranean portions of evergreen, deciduous, and 
herbaceous plants to destroy all stages of this insect. The shipment 
of these plants with soil to points outside the known infested area 
is prohibited by law unless the plants are free of all living forms of 
the beetle. Within the area affected by these regulations there are 
approximately 5,000 dealers in nursery stock and several large nurs- 
eries doing a national and international business. It is imperative 
that suitable methods for treating this stock be developed in order to 
prevent the serious disruption of the nursery industry within the 
regulated area. 

During the years of 1920, 1926, 1927, 1928, and 1929 an investiga- 
tion was carried on to determine the efficacy of immersing the sub- 
terranean portions of nursery plants in hot water as a method of 
treatment for the Japanese beetle. As a result of these experiments 
it is possible to recommend an effective method for exterminating 
this insect in the soil about the roots of certain nursery plants. 

HOT-WATER  IMMERSION  FOR   CONTROL  OF   OTHER   SUBTER- 
RANEAN PESTS 

A study of the literature pertaining to the use of hot water to com- 
bat soil-infesting pests shows that immersion in hot water has been 

1 
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used successfully to control nomatodes, mealybugs, bulb flies, bulb 
mites, phylloxera, and other pests infesting the subterranean portion 
of nursery plants. At the pi'esent time one of the most Äatisfactory 
methods for controlling the narcissus bulb nematode {Tylenchus di-p- 
saei Kühn), the bulb mites {Rhizoglyphvs echinops Fumouze and 
Eobin and R. hyacinthi Boisduval), the narcissus fly {Merodon 
eqiiestrls'Fnhricms) and the so-called lesser bulb flies {Eumerus spp.) 
consists in immersing the bulbs in water held at a temperature of 
110° to 112° F. for a period of 3 hours (5, 6, 9, 11, U, 10, 20, 
2Ji.} The chrysanthemum nematode {Aphelenchais nizema-honi 
Schwartz) and the strawberr\' ncmatodes (A. fragariae R. B., A. 
phyllophagiis Stewart, and A. olcftiistus R. B.) have been destroyed 
by immersing the dormant host plants in water at a temperature of 
122° for 5 minutes (76', '22). Nematodes have been killed on the 
roots of peonies by dipping the roots for 30 minutes in water at 120° 
{2). Grape stocks have been freed of the coccid Psetulococcus marl- 
fÍ77nis Ehrhorn and of the phylloxera Phylloxera va»tatrix Planchón 
by immersing in water at 125° for 5 minutes (/, IB). The mealybug 
Pseudococcu^ marithnus on gladioli has been destroyed by dipping 
the conns for 10 minutes in water at a temperature of 124° {21). 
The citrus-root nematode, Tylcnchulxis semipenetrans Cobb, has been 
controlled by immersing the subterranean portion of the citrus stock 
in water at a temperature of 120° for 15 minutes (.?), or in water at a 
temperature of 130° for 30 seconds {23). Pots of soil infested with 
the root-knot nematode, Heterodera radldcola (Greef ) Mueller, have 
been treated successfully by immersion for 5 minutes in boiling 
water (4). 

From a study of the meager published information on the immer- 
sion of plants in hot water to exterminate subterranean insects and 
other closely related pests, it may be deduced that water at a temper- 
ature below 110° F. is usually ineffective in controlling pests and that 
water at a temperature above 130° is usually deleterious to the roots 
of plants. The temperature of the water and the period of immersion 
to be employed to exterminate the different pests are governed appar- 
ently by the susceptibility of the pest to hot water, the degree of pro- 
tection given it by the host plant, and the resistance of the host plant 
to the treatment. 

PREVIOUS WORK WITH HOT WATER ON THE JAPANESE BEETLE 

Previous experiments by Leach {IS) in 1920 with the third-instar 
larvae of the Japanese beetle demonstrated that this stage of the 
beetle could be destroyed by immersion in water at temperatures 
between 110° and 130° F. It was also found that the roots of 
Chamaecyparis pisifera and Azalea amoena could not be immersed in 
hot water without causing serious injury or death to the plants. 
When the phytopathological action of hot water on these plants was 
determined, the experiments with hot water as a soil insecticide 
were temporarily discontinued. 

' Italic numbers in parentheses refer to Literature Cited, p. 40. 
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ACTION OF HOT WATER ON THE JAPANESE BEETLE 

In 1926, when some preliminary tests indicated that certain other 
nursery plants were not seriously injured by immersing the rootsin 
hot water, an extensive investigation was undertaken to determine 
the effectiveness of hot water in killing the different stages of the 
beetle under various conditions, and to determine the varieties of 
nursery plants that might be treated successfully. 

EXPERIMENTAL TREATING TANK 

During the course of this investigation several hot-water tanks were 
used for treating the plants and the different stages of the beetle. 
The tank which was finally developed and proved most satisfactory 
for this work was a specially equipped wooden tank ^ holding 300 
gallons. 

This experimental tank was constructed of selected 2-inch cypress. 
It was 6 feet long, 3 feet wide, and 21/2 feet deep, inside measure- 
ments. The lumber was dressed, ripped, crozed, jointed, and rein- 
forced with iron rods and wooden battens in the approved manner. 
The ends were boxed into the sides and bottom to a depth sufficient to 
insure the greatest strength. A partition of 1-inch cypress was 
placed inside across the end of the tank, parallel to and about 6 inches 
from one end, and extended to within 4 inches of the top. Two 
rectangular holes, each 10 inches high and 5 inches wide, were cut 
in the lower corners of this partition, and a circular hole 9 inches in 
diameter was cut on the median line near the bottom. Two solid par- 
titions of the same material were constructed parallel to and 5 inches 
from each side of the tank. These extended from the end partition to 
the opposite end of the tank and from the bottom to within 6 inches of 
the top. Within this rectangular area, formed by the partitions and 
one end. was placed a false bottom with movable slats 4 inches wide 
made of 1-inch cypress. 

A Monel-metal propeller, 8 inches in diameter, of the flat-pitch 
pusher type, was mounted on a shaft of the same material, three- 
fourths of an inch in diameter, and placed in the circular hole of the 
end partition. The shaft extended through a stufimg box in the end 
of the tank and was connected by means of a flexible coupling to an 
electric motor. This motor was one-third horsepower, making 1,730 
revolutions a minute, and operated on a 110-volt, 60-cycle, alternat- 
ing-current line. It was equipped with a gear reducer so that it 
would turn the agitator shaft at the rate of 440 revolutions per 
minute. 

The water in the tank was heated by pumping hot water through 
a 14-foot coil of 2-inch galvanized-iron pipe, which was placed on 
the bottom of the tank. The water circulated through this coil 
was drawn from and returned to a 30-gallon tank of water held auto- 
matically at a temperature between 160° and 180° F. This boiler 
was of standard commercial type, heated by gas and equipped with a 
bimetallic thermostat.    The water was forced through the heating 

'The writers are indebted to F. E. Mehrhof, of Rutgers University, who drew the 
plans and aided in the assembling of this equipment. 
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coil by means of a centrifugal pump that discharged 30 gallons a 
minute in a closed system when the suction pressure was 15 pounds 
per square inch and the discharge pressure was 23 pounds per square 
inch. The one-half horsepower, 110-volt, 60-cycle, alternating-cur- 
rent motor, with a speed of 1,725 revolutions per nminute, which 
operated the centrifugal pump, was controlled by a mercury-toluene 
thermostat wliich was placed in the tank. As the temperature in 
the tank fell below that at which the thermostat was set, the current 
flowing througli the thermostat was broken, thus tripping a mercury 
switch and starting the motor operating the centrifugal pump. 

For operation the tank was filled with water to within 2 inches of 
the top. The water was heated to approximately the desired tem- 
perature and the thermostat was then set at the exact temperature 
desired. The agitator was then started. The propeller drew the 
water from behind the end partition and forced it in a stream along 
the bottom towards the opposite end of the tank. Portions of this 
moving water were deflected upward at intervals by means of the 
slats, placed at various angles, in the false bottom. It flowed over the 
tops of the side partitions and was drawn behind the end partition 
again through the holes which were placed at the lower corners. A 
small amount of water, which was deflected upward a short distance 
from the propeller, returned behind the end partition by flowing over 
the top of this partition. This agitation caused a uniform, slow 
movement of the water throughout the treating chamber from one 
end to the other and from the bottom to the top. 

NUMBER   OF  BEETLES USED  IN   EXPERIMENTS 

Extensive experimentation with a soil-infesting insect such as the 
immature stages of the Japanese beetle is necessarily slow, laborious, 
and expensive. It is desirable to use in each test the minimum number 
of insects which will give reliable data. An experiment was there- 
fore undertaken to determine the degree of accuracy of data based 
on different numbers of insects. 

Two thousand third-instar larvae were dug at random in the field 
and treated by immersion in hot water for a period of time that 
killed the majority of them. The larvae were then placed in sep- 
arate containers and numbered consecutively from 1 to 2,000. 
Thirty representative groups, each containing 10 larvae, were 
selected at random from the 2,000 larvae, with the aid of tables of 
logarithms, as is suggested by Jerome {M, p. IS). The percentage 
mortality and the magnitude of the probable error of the percentage 

was calculated for   each group,   using   the formula   e = 67.45^/2? 
V n 

(10), where e is the magnitude of the probable error in per cent, 
p is the number of dead larvae, q is the number of living larvae, 
and n is the number of larvae examined. This procedure was re- 
peated with representative groups containing 20, 30, 40, 50, 60, 70, 
80, 90,100, 150, 200, 300, and 400 larvae. The maximum percentage 
mortality, the minimum percentage mortality, the difference be- 
tween these percentages, and the greatest probable error of the per- 
centage mortality in per cent for each of these groups are outlined 
hi Table 1. 
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TABLE l.—ReliabUity of a ptrccntayc mortality based on different numbers of 
Popillia larvae 

Mortality of the group 
Maximum 

Larvae probable 
in 

group Maxi- 
mum 

Mini- 
mum 

Diller- 
ereuce 

error of 
percentage 

Number Per cent Per cent Per cent Per cent 
10 100.0 70.0 30 0 9.77 
2Ü 100.0 75.0 25.0 8.22 
3U 100.0 73.0 27.0 5.44 
4U 92.5 80.0 12.5 4.26        ! 
SO «4.0 82.0 12.0 3.66        i 
1«) 95.0 80.'J 15.0 3.48 
70 95.7 81.4 i4.3 3.11 
60 9.5.0 83.7 11.3 2.78 
9Ü 93.3 84.4 8.9 2. ,50 

100 93.0 87.0 6.0 2.18        ' 
150 92.0 87.3 4.7 1.85 
200 93.0 88.0 5.0 1.64 
300 91.3 87.9 3.4 1.27 
400 91.5 89.2 2.3 1.04 

The data obtained in this experiment show that a group contain- 
ing fewer tlian 100 Larvae may be very unrepresentative. A percent- 
age mortality based on a few hirvae is likely to be inaccurate and 
may lead to erroneous conclusions. It was found that tlie probable 
error of the percentage mortality based on 10 larvae was 9.77 per cent, 
while the probable error of the percentage mortality based on 100 
larvae was only 2.18 per cent. The dift'erence between the maxi- 
mum and the minimum percentage mortalities decreased progres- 
sively from 30 per cent with 10 larvae to 6 per cent with 100 larvae, 
and to 2.3 per cent with 400 larvae. These results are indicative of 
the probable error which would be obtained in the individual te.sts 
with the immature stages of the Japanese beetle. In view of the 
fact that the results, if favorable, were to be used as a basis for recom- 
mending a treatment that would be employed for quarantine pur- 
¡loses, it was decided to use not fewer than 200 of each stage in each 
test. 

In carrying out this program the following numbers of the dif- 
ferent stages of the beetle have been treated by immersion in hot 
water: 176,000 eggs, 21,000 ñrst-instar larvae, 18,000 second-instar 
larvae, 308,000 third-instar larvae, 3,500 i^repupae, 70,000 pupae, and 
20,000 adults. Besides this, several thousand adults were kept in 
confinement to obtain eggs, and a large number of eggs were kept in 
the insectary to obtain the first-instar larvae when they hatched. 

PROCEDUKE  USED   IN   STUDYING  INSECTICIDAL  ACTION   OF  HOT  WATER 

Although the immature stages of the beetle may be found in nurs- 
eries, the infestation is usually light, unevenly distributed, and diifi- 
cult to locate. It was impossible to find a sufficient number of in- 
fested plants in nurseries to conduct extensive experimentation ; arti- 
ficial infestation of the roots of nursery plants generally proved to 
be a tedious and unsatisfactory procedure. It wa,s decided, there- 
fore, to make an extensive and intensive study of the insecticidal 
action of hot water on the beetle throughout its metamorphosis when 
the different stages were removed from soil, and then to determine the 
effectiveness of the treatment in destroying the insect in the soil. 
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It was not practical to obtain the large number of eggs required 
for experimental work hy digging in infested fields, but eggs were 
obtained in almost unlimited quantities by confining adult beetles in 
cages with fresh smartweed {Polygonum pensi/lvanicuni) and soil. 
The cage used for this purpose was a circular metal cage which 
was placed over a 10-inch Howerpot filled with moist, sifted soil, as 
shown in Figui-e 1. Eggs were removed from soil by means of a 
camel's-hair brush, and placed in groups of 100 in glass tubes, as 
shown in Figure 2. These tubes were 2 inches long, one-half inch 
wide, and had each end closed with an 80-mesh Avire cap. The con- 
tainers were then immersed in hot water, care being taken to have 

cacli tube completely filled with 
water. At the end of a definite 
period of time two tubes contain- 
ing 200 eggs were removed from 
the water, and the eggs were trans- 
ferred by means of a camel's-hair 
lii'ush to the surface of moist leaf 
iiiolcl. The eggs were placed sepa- 
rately in snuiU depressions on the 
surface of the leaf mold, as shown 
in Figure '¿, and kept in the dark. 
They were examined daily for at 
least a month subsequent to treat- 
ment and records made of their 
condition. When an egg hatched, 
(he lai'va was removed to prevent 
confusion in later observations. 
Fach day wlien eggs were treated a 
group of 200 untreated eggs was 
M't aside under the same environ- 
mental conditions to determine the 
rate of hatching of the untreated 
('gas throughout the season. 

The first-instar larvae used in 
these experiments were hatched in 
the insectary, but the second and 

third instar larvae were dug in fields which were apparently free 
from insect parasites and larval diseases. The first-instar larvae were 
treated in cages covered with 32-mesh wire as shown in Figure 4, A, 
and the second and third instar larvae were treated in cages covered 
with 20-mesh wire as shown in Figure 4, B. The larvae were placed 
in these cages, only one larva in each section to prevent them from in- 
juring each other with their mandibles. Two hundred larvae were 
used as a unit in each test. After treatment, the first-instar larvae 
were placed on the surface of moist soil in the separate compartments 
of plaster-of-Paris molds, as shown in Figure 6 ; the second and third 
instar larvae were placed on moist soil in wooden cross-section trays, 
as shown in Figure 6. Each larva was observed daily and a record 
kept of its condition for a period of at least five days after treatment. 
In making the daily observation a record was made of the larvae 
which were dead, sick, and normal in each treatment.    A larva was 

FIGURE   1.—Equipment   used   to   obtain 
Japanese-beetle eggs in the insectary 
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considered to be dead when it remained on the surface of the ground, 
gave no reaction to external mechanical stimulation, and showed 

FIGURE 2.—Glass tubes  used  to confine Japanese-beetle  eggs during  treatment 

signs of decomposition. It was considered to be sick when it re- 
mained on the surface of the ground and responded slowly to external 
mechanical stimulation.    It was considered to be normal wlien it 

FiGüEB 3.—Tray  in  which  Japanese-beetle   eggs  were   kept  for  obserTation  after 
treatment 

burrowed into the ground within a few hours after being placed on 
the surface and was apparently unaffected when removed at the 
end of the period of observation. 
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^^^^^^^H                                         '   ^^^^^^H 

FIGURE 4,—Cages used to conflue larvae, prepupae, and pupae of the Japanese 
beetle during treatment ; A, With cover of 32-mesh screen ; B, with cover of 
20-mesh screen 

FiGUEB   5.—Mold   in   which   flrst-instar   larvae   of   the   Japanese   beetle   were   kept   for 
observation after treatment 
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The prepupac and pupae were dug in the field and treated in the 
same manner as tliird-instar hirvae, except that it was found neces- 

FiGUKE 6.—Trav in which socond and tliird instar larvae, prcpupae, and pupae of 
the Japanese beetle were kept £or observation after treatment 

sary to keep them under observation for two to three weelcs before 
makin«: the final observations. The adults Avere collected from un- 
sprayed weeds, shrubs, and fruit trees and treated in cylindrical cages 

FiGüKB 7.—Cage used to confine .Japanese-beetle adults during treatment 

of 8-mesh wire as shown in Figure 7. The adults were then placed in 
cages in the insectary and observed daily until the effect of the treat- 
ment could be determined. 

73;î85—32. 2 
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RELATION OF TEMPERATURE OF WATER AND PERIOD OF IMMERSION TO 
INSECTICIDAL ACTION 

In the fall of 1926 a preliminary study was made of the relation 
between the period of immersion and the temperature of the water 
to the insecticidal action. The tests were made with third-instar 
larvae because this stage of the insect is normally abundant durin«; 
the fall of the year. Larvae were removed from soil and immersed 
in water at a temperature ranging from 100° to 130° F. The insects 
were kept in the water at each temperature for various intervals of 
time until the minimum lethal periods of immersion had been deter- 
mined. The minimum lethal periods of immersion at temperatures 
between 100° and 130°, as determined in the fall of 1926, are outlined 
in the foUowine: tabulation : 

Minimum lethal pe- Minimum lethal pe- 
Temperature : riod (minutes) Temperature : riod (minutes) 

100° F   '480 118° F           4 
104° F       340 120° F          3 
107° F       170 122° F  
110° F        70 124° F  
112° F         31 126° F  
114° F         16 128° F  
116° F         10 130° F  

The destruction of the larvae at temperatures below 112° F. was 
found to be slow and often uncertain. As the temperature of the 
water was raised above 112°, the rate of larval destruction became 
greatly accelerated, until at 122° death was almost instantaneous. 
The minimum lethal period of 70 minutes at 110° Avas decreased to 
31 minutes at 112°, and to 16 minutes at 114°. The rapidity of the 
insecticidal action was increased in the same manner as the tempera- 
ture of the water was raised progressively by 2° above 114° until 
the thermal limit of 122° was reached. 

THERMAL DEATH POINT 

In this investigation the thermal death point was considered to 
be the lowest temperature at which death resulted after immersion 
for one minute. The thermal death point apparently varies with the 
metamorphosis of the insect, the season of the year, and other factors. 

A study was made of the thermal resistance of the beetle through- 
out its metamorphic development. Eggs, larvae, prepupae, pupae, 
and adults were immersed for one minute in water at various tem- 
peratures until the thermal limit was determined. The tests were 
made continuously throughout the year, using all stages of the beetle 
which could be found in the soil. A summary of the data obtained 
at temperatures of 116°, 118°, 120°, 122°, 124°, 126°, 128°, and 
130° F. in this experiment is given in Table 2. 

' Not all the larvae were killed by immersion for this period of time. 
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TAHLB 2.—Tests to determine the thermal death point of the Japanese beetle 
at each stage in its dciclopment when immersed for one minute in hot 
tvater 

Tempera- 
ture of 
water 

„ p. 

116 
118 
120 
122 
124 
126 
128 
130 

Mortality of each stage of development 

Egg 

Per cent 
20.0 
56.0 
77 0 
83.6 
93.6 
99.9 

100.0 
100.0 

First- 
instar 
larva 

Second- 
instar 
larva 

Tliird- 
instar 
larva 

Prepupii Pupa Adult 

Per cent Per cent Per cent 
7.5 

22.2 
80.3 
96.2 
99.9 

100.0 
100.0 
100.0 

Per cent Per cent 
42.5 

Per cent 
28 
30 
80 

100 
100 
100 
100 
100 

74.0 
96.7 
99.8 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 
100.0 

56.2 
93.9 
99.5 

100.0 
100.0 
100.0 

87.4 
98.3 
99.7 

100.0 
100.0 

It was found that the thermal limit of the beetle varies throughout 
its life cycle. The thermal death point of the insect during its 
embryonic development is 128° F. The larva after it emerges from 
the egg is destroyed at 122°, and there is little change in suscepti- 
bility to heat during the first and second larval instars. After the 
second postembryonic molt the thermal limit is raised to 126° and 
remains at this point until the larva approaches maturity when it is 
decreased to 122°. After the larva changes into a prepupa, the 
thermal death point is rai.sed to 126°. During the pupal stadium 
the thermal limit is 128°, but when the pupa transforms into the 
adult the insect is destroyed at 122°. 

A study was also made of the relation between the season and the 
thermal death point of the insect. The tests were made with third- 
instar larvae because the duration of this stage is the longest. The 
larvae were treated continuously throughout the year whenever it was 
possible to dig them in the field. From the results of this experi- 
ment it was found that during the summer and early fall, when the 
larva is feeding extensively, the thermal limit is 122° F. With the 
approach of winter the activity of the larva decreases and it becomes 
more tolerant to heat. When it becomes quiescent the thermal 
death point is raised to 126° and it remains at this point throughout 
the winter. In the spring, when the larva resumes intensive feeding 
it becomes more susceptible to heat and the thermal limit is lowered 
to 122°. 

INSECTICIDAL ACTION  OF WATER AT 112°  F. 

Although the insecticidal action of water heated to the thermal 
death point of the beetle was quick and effective, it was found that 
the treatment of the roots of nursery plants at this temperature was 
often dangerous to the plants. It was also found that soil immersed 
in water at a temperature of 110°, 112°, 116°, or 120° was heated 
throughout to the temperature of the water at approximately the 
same rate. The period of time necessary to heat soil from 112° to 
120° was sufficient in most cases to have destroyed the larvae at the 
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lower temperature. Plants treated at the higher temperature, there- 
fore, would be subjected to a more vi<iorous treatment than would be 
necessary to obtain the desired insecticidal action. At 112°, the lowest 
temperature at which quick and dependable insecticidal action took 
place, it was found that many plants were uninjured. The necessarily 
prolonged soaking at temperatures below 112° had a retarding effect 
on the subsequent growth and in some cases killed the plants. In 
view of these results, treatment at 112° was selected as having the 
most promise of successful application to the subterranean portions 
of nursery plants. A preliminary report on the insecticidal action of 
water at 112° has been published by the writers (7). 

RESISTANCE  OF  BGG8 

The study of the resistance of eggs to the insecticidal action of 
water at 112° F. was carried on during the summers of 1927, 1928. 
and 1929. The eggs were carefully removed from soil and immersed 
in water at a temperature of 112° for periods of time ranging from 
10 to 90 minutes. A summary of the results obtained is given in 
Table 3. 

TAHLH .'5.—Rcmilts of treatment »f Jnpancife-hcetlc eggs with iratcr (it 112° F. 

i Mortality Mortality 
Period of Period of 

immer- immer- 
sion Maxi- 

mum 
Mini- 
mum Average sion Maxi- 

mum 
Mini- 
mum .\verage 

Minvies Per cent Per cent 
i 

Per cent MiniUea Per cent Per cent Per cent 
10 93.0 0 58.0 60 100.0 82.5 98.1 
20 94.0 47.0 76.4 65 100.0 79.8 98.9 
30 89.0 30.0 78.2 70 100.0 98.0 99.7 
40 100.0 24.0 91.4 75 100.0 95.5 99.8 
iS 98.0 62.6 80.2 80 100.0 98.0 99.9 
60 100.0 80.5 97.3 85 100.0 100.0 100.0 
55 100.0 80.5 94.6 90 100.0 100.0 100.0 

In Table 3 the maximum mortality is the highest mortality of a 
group of 200 eggs at each period of innnersion ; the minimum mor- 
tality is the lowest mortality of a group of 200 eggs ; and the average 
mortality is the mortality of all eggs treated for each period of time. 

It was found necessary to prolong the period of immersion to 85 
minutes to destroy all of the eggs, but extermination was practically 
obtained in 70 minutes. The few eggs which hatched after treatment 
for 70 minutes were greatly retarded in development and the larvae 
did not emerge until several days after the larvae had emerged from 
untreated eggs. Of the eggs treated for 70, 75, and 80 minutes only 
0.28, 0.25, and 0.05 per cent, respectively, were able to complete their 
embyronic development and emerge as larvae. 

Further study of the data showed that there is a great difference 
in the resistance of different groups of eggs to the action of hot water. 
For example, 32 groups of eggs were treated by immersion for 40 
minutes.   The resulting mortalities were as follows: Nine groups 
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had 100 per cent mortality, 9 groups had 95 to 99 per cent, 7 groups 
had 90 to 94 per cent, 3 groups had 85 to 89 per cent, and the remain- 
ing 4 grouf)s had 81, 71, 64, and 24 per cent mortality. The average 
mortality of the 32 groups was 91.4 per cent. When the period of 
immersion was increased to 70 minutes, the average mortality of the 
39 groups was raised to 99.72 per cent, but still a few of the groups 
had a lower mortality. Of these 39 groups, 32 groups had 100 per 
cent, 5 had 99 per cent, 1 had 98 per cent, and the last had 96 per 
cent mortality. It is apparent that the majority of the eggs are 
susceptible to the insecticidal action of water at 112° F., and only a 
small proportion of them are abnormally resistant. 

KESISTANCE OP FIRST-INSTAB  LARVAE 

The study of the resistance of first-instar larvae to the insecticidal 
action of water at 112° F. was made during August and September of 
1927, 1928, and 1929. The larvae were removed from soil and im- 
mersed for periods of 10, 15, 20, 25, 30, 35, 40, 45, and 50 minutes 
respectively. A summary of the mortality resulting from each of 
these treatments is given in Table 4. 

TABLE 4.—Results of treatment of first-instar larvae with water at 112° F. 

Mortality Mortality 
Period of 
immer- 

Period of 
immer- 

sion Maxi- 
mum 

Mini- 
mum Average sion Maxi- 

mum 
Mini- 
mum Average 

Minute» Ptr cent Per cent Per cent Minutes Per cent Per cent Per cent 
10 100 ñ 76.0 36 100 9« 99.6 
15 100 80 96.8 40 100 100 100.0 
20 100 90 98.3 45 100 100 100.0 
25 100 98 99. C 60 100 100 100.0 
30 100 98 99.7 

It was found that although treatment for 10 minutes occasionally 
destroyed all the larvae in a test, consistent total destruction was not 
obtained under 40 minutes. Treatment of first-instar larvae for 25 
minutes is practically exterminative, since only 0.35 per cent of the 
larvae survived after immersion for this period of time. 

RE.SISTANCE OF SECOND-INSTAB LARVAE 

The study of the larval resistance to the insecticidal action of 
water at 112° F. was continued with second-instar larvae during 
August, September, and October. A summary of the effect of the 
treatments on the second-instar larvae is given in Table 5. 
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TABM 5.—Results of treatment of second-instar larvae with water at 112° F. 

Periwl o( 
immer- 

sion 

Mortality 
Period of 
immer- 

sion 

Mortality 

Maxi- 
mum 

Mini- 
mum Average 

Maxi- 
mum 

'^I'"'-     Average mum      '^»<»»»» 

Minutes 
10 
15 
20 
26 

Per cent 
100.0 
92.5 

100. U 
loao 

Per cent 
12.0 
•Jl.O 
im. 0 
9fi.5 

Ptr cent 
67.7 
91.7 
98.4 
99.4 

Minuta 
30 
35 
40 

Per cent 
100 
100 
100 

Per cent ' Per cent 
100              100 
100              100 
100              100 

1     1 

It was found in these tests that all the second-instar larvae were 
destroyed by immersion for a period of 30 minutes. It would appear 
that the second-instar larva is more susceptible to heat than is the 
first-instar larva. An examination of the results obtained with both 
instars shows there was not more than 0.5 per cent difference between 
them in treatments lasting more than 20 minutes. This difference 
probably is not significant. If the tests had been made with 50,000 
instead of 10,000 larvae of each stage, probably there would have been 
no apparent dilference between the two stages. Although it was not 
demonstrated that some second-instar larvae would withstand treat- 
ment for 35 minutes, the results obtained with both instars would 
lead one to believe that the period of immersion should be prolonged 
to 40 minutes to insure the destruction of the most resistant larvae 
of this instar. 

KE.S1.STANCE OF THI1ÎD-INSTAB L;\RVAK 

The study of the resistance of third-instar larvae to immersion in 
water at 112° F. was carried on during the fall, winter, and spring 
of 1927, 1928, and 1929. The larvae were removed from soil and 
immersed for periods ranging from 10 to 75 minutes. A summary 
of the results obtained with the different tests is given in Table (5. 

TABLE G.—Results of treatment of third-instar larvae tmlh, trater at 112° F. 

Mortality Mortality 
Period of Period of 

immer-       
immer- 

sion Maxi- 
mum 

Mini- 
mum Average sion Maxi- 

mum 

Per cent 

Mini- 
mum Average 

Per cent Minutes Per cent Per cent Per cent Minutes Per cent 
10 100 38.0 07.1 45 100 90.5 99.0 
15 89 28.5 74.7 50 100 89.0 99.2 
20 100 53. 5 97.7 65 100 91.0 99.2 
25 100 76.0 96.5 60 lOO 97.6 99.6 
30 100 81.0 99.0 65 100 97.6 99.5 
35 100 91.0 98.6 70 100 100,0 100.0 
40 100 86.0 99.1 75 100 100.0 100.0 

It was found necessary to continue the treatment for 70 minutes 
to destroy the most resistant third-instar larvae. There is a con- 
siderable variation in the susceptibility of third-instar larvae to the 
action of hot water. In some tests with immersion for 10 minutes, 
for example, all larvae were killed ; when the treatment was applied 
to another group, the mortality was decreased to 38 per cent.    The 
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average mortality of the larvae immersed for 10 minutes was 67.1 
per cent. The third-instar larvae were practically destroyed by 
immersion for 40 minutes, since less than 1 per cent survived after 
treatment for this period of time. 

EBSI8TANCE OP  PRBTUPAB 

The study of the resistance of prepupae was carried on in June. 
The treatment was applied to prepupae in the same manner as to the 
larvae. The results of these tests are given in Table 7. It was found 
that prepupae were destroyed by immersion for 45 minutes in water 
at 112° ¥. 

TABLE 7.—Results of treatment of prepupae with water at 112° F. 

Period of 
immer- 

sion 

Minutes 
5 

10 
15 
20 
25 

Mortality 
Period of 
immer- 

sion 

Mortality 

Maxi- 
mum 

Mini- 
mum Average Maxi- 

mum 
Mini- 
mum 

Per cent 
73.5 
91.5 
99.0 

100.0 
100. 0 

Average 

Per cent 
89.0 
97.3 
99.8 

100.0 
100.0 

Per cent Per cent Per cent 
1 39.0 
■41.0 

33.0 
58.8 
74.7 

Minutes 
30 
35 
40 
45 
60 

Per cent 
97 
99 

100 
100 
100 

47 
93 
79 

19 
29 
69 

■ Only one treatment was made for this period of time. 

EESIST-VNCB OF  PUI'AB 

The investigation of the resistance of pupae to the insecticidal 
action of hot water was carried on during 1927,1928, and 1929. The 
results of these tests, which are summarized in Table 8, show that 
pupae were destroyed by immersion for 70 minutes in water at 112° F. 

TAiiLE 8.—Results of treatment of pupae tcith ivater at 112° F. 

Period of 
immer- 

sion 

Mortality 
Period of 
immer- 

sion 

Mortality 

Maxi- 
mum 

Mini- 
mum Average 

Per cent 
14.0 
20.0 

■ 32. 0 
67.4 
S7.2 
83.7 
88.0 

Maxi- 
mum 

Mini- 
mum Average 

Minutes 
5 

10 
15 
20 
25 
30 
35 

Per cent 
21.0 
20.0 

Per cent 
7.0 

20.0 

Minutes 
40 
45 
50 

1        55 
60 
66 
70 

Per cent 
100 
100 
100 
100 
100 
100 
100 

Per cent 
83.5 
67.0 
92.5 
90.0 
91.0 
97.6 

100. 0 

Per cent 
95.4 
96,9 
98.1 
98.8 
99.2 
99.6 

100.0 

74.0 
90.6 
96.5 
98.5 

34.0 
83.5 
68.5 
72.0 

■ Only one treatment was made for this period of time. 

RESISTANCE  OF   ADULTS 

A study of the resistance of the adult beetle to hot water was made 
during the summer. The results of the different tests are summarized 
in Table 9. It was found that treatment for 20 minutes was suffi- 
cient to destroy the adult beetle. 
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TABLE 9.—Results of treatment of adults ivith water at 112° F. 

Period of 
Immer- 

sion 

Mortality 
Period of 
immer- 

sion 

Mortality 

Maxi- 
mum 

Mini- 
mum Average Maxi- 

mum 
Mini- 
mum Average 

Minutes 
10 
15 
20 

Per cent 
84 

100 
100 

Per cent 
84.0 
90.7 

100.0 

Per cent 
84.0 
91). » 

100.0 

Minutes 
25 
30 

Per cent 
100 
100 

Per cent 
100.0 
100.0 

Per cent 
100.0 
100.0 

RECAPITULATION   OF   THE   RESISTANCE   OF   DIFFERENT   STAGES 

A study of the resistance of the eggs, larvae, prepupae, pupae, 
and adults to immersion in water at 112° F. shows that all stages of 
the insect, with exception of the eggs, can be destroyed by continu- 
ing the treatment for 70 minutes. It was found that this treatment 
prevented 99.72 per cent of the eggs from hatching and seriously 
impaired the normal development of the larvae Avhich emerged. It 
is therefore considered that immersion of the beetle at any stage of 
its metamorphosis for 70 minutes in water at a temijerature of 112° 
F. is practically exterminative. 

HIGHLY  RE.SISrANT BEETLES 

It was repeatedly observed, during the course of the insecticidal 
tests at 112° F., that a small percentage of the beetles throughout 
their development were abnormally resistant to the action of heat. 
This condition was more apparent with eggs, third-instar larvae, 
and pupae which are difficult to kill than it was with the other stages 
which succumb readily. It was found that 99 per cent of the eggs, 
third-instar larvae, and pupae were destroj'ed by treatment for 60, 
40, and 55 minutes, respectively. For complete destruction it was 
necessary to prolong the treatment of eggs to 85 minutes, and the 
treatment of the larvae and pupae to 70 minutes. 

The abnormally high resistance of a small proportion of the 
beetles to insecticidal action can not he explained satisfactorily. 
The decrease in susceptibility is probably not an innate quality but 
IS the complex resultant of ecological and physiological factors. 
The question of resistance of the beetle is of considerable importance, 
particularly when the treatments are to be used as quarantine meas- 
ures. It was therefore decided to continue this phase of the hot- 
Mater investigation in order to accumulate further information and 
to safeguard the recommendations which have been based on the 
data accumulated to d^te. 

EFFECT  OP  WEATHER ON   RESISTANCE 

A study was carried out during three years with the obiect of 
correlating the variation in the resistance of a stage of the beetle 
with the meteorological conditions. Experiments were conducted 
with eggs, larvae, prepupae, pupae, and adults, but only the third 
larval stadium was found to be of sufficient duration that the re- 
sistance was affected appreciably by the weather 
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It is difficult to elucidate on the relation of weather to the resist- 
ance of a soil-infesting insect under field conditions, because it is 
practically impossible to separate the complex meteorological factors. 
The soil temperature and soil n'.oisturo ai^peared to be the most 
important of the soil factors in modifying the resistance of the 
immature stages of the beetle. 

The minimum lethal period of immersion for third-instar larvae 
was detci-mined at weekly intervals during the fall, winter, and 
spring. A summary of the I'esults obtained during 1927, 1928, r.nd 
1929 is given in Table 10. 

T.ini.R W.-Hc.tislaiirc of third-in.ttar larvae throughimt the stailhim to treat- 
ment with water at 112° F. 

rercrntuco niorUility in - 
Perioii of 

immorsion 

10 
15> 

68.3 

20 99. 9 
2h 99.3 
■M\ 100.0 
3S 100.0 
4(1 100.0 
4.i 100.0 
5(1 100.0 
5.i 100.0 
m 100.0 
65 100.0 
7U 100.0 
~~. 100.0 

June 
1 

95.3 
93.5 
99.5 
99.5 
99.8    , 

100.0 
100.0 
100.0 
100.0 
100.0 
100 0 
100.0 
100.0 
100.0 

(minutosl Scpto.i-  ort^ber   ^''l™""   "«*'"■ January   ^^'^J."-     March      April        May 

63.8 ■    ----       43.3 76.3 
76.8 28.5 -- -   - 
96.6 83.5           100.0    , 99.9 
95. 0 90. 0         100. 0 
98.4 ,      91.0      -   -  100.0 100.0 
99.6 96.8          94.0        _.       98.7 100.0 

100.0 98.6 99.7          95.0          96.0          98.4          99.8 100.0 
100.0 98.6 100.0          97.6    '    100.0          !)8. H          99 8 100.0 
100.0 98.9 98.9          98.5         100.0          «9.2 100.0 100.0 
100.0 :      98 8 «9.8    I     99.1         100.0          98.8 100.0 100.0 
100.0 «9. 1 98.9    i    100.0         100.0          99.7 100.0 100.0 
100. 0 ;      99. 2 99. «    '    lOO. 0         100.0          99. 2 100. 0 100.0 
100.0 I    100.0 100.0        100.0         100.0         100.0 100.0 100.0 
100.0 100.0 100,0    '    100.0         100.0         100.0 lOO. 0 100.0 

A study of the soil-moisture conditions prevailing in the vicinity 
of jNIoorestown, N. J., showed that although the differences in the 
;)mount of precipitation in different weelis was often considerable, 
there was apparently sufficient moisture in the ground to satisfy the 
normal requirements of the larvae. The rainfall in Moorestown is 
generally relatively constant and fairly evenly distributed through- 
out the year. From May to August most oí the rain occurs with 
thunderstorms. Snowfall is usually light, remaining on the ground 
but a short time, and there are many winters without appreciable 
snow. In general, it ajjpears that in a humid region there Avill 
usually be sufficient moisture in the soil to permit the larvae to 
develop normally. Soil moisture in this region, therefore, probably 
will not become an important factor influencing the resistance of 
the larvae to insecticidal treatments. 

The change in the resistance of the larvae to hot water is appar- 
ently influenced by the temperature of the soil within the upper 6 
inches, but it was not possible to correlate the daily fluctuations of 
temperature with the resistance. It was found possible to correlate 
the general trend of the temperature with the general trend of the 
resistance. With a minimum temperature of the soil above C0° F. 
in September, larvae are destroyed by immersion for 30 minutes; in 
October, with the minimum temperature lowered to 55°, treatment 

73385—32 3 
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must be prolonged to 4Ü minutes ; in November, with the normal 
minimum approaching 43°, the theoretical temperature of quiescence, 
the minimum period of immersion must be increased to 70 minutes. 
The period of quiescence continues throughout the winter and early 
spring until the mininmm temperature rises above 43°. The larvae 
are very resistant to insecticidal treatment during this quiescent 
period but become moro susceptible as they resume activity in the 
spring. In April larvae are destroyed by treatment for 50 minutes, 
and in May, when the soil temperature remains above 55°, the mini- 
mum period of immersion is reduced to 25 minutes. 

A study of the available AVeather Bureau reports on the weather 
at Moorestown for 65 years (17) shows that in this vicinity there 
are likely to be frequent and abrupt changes in temperature, but 
only rarely do severe temperature reversals occur. The normal tem- 
perature ranges from 30.7° in January to 74.7° in July, although a 
temperature of 0° may occur between the latter part of December 
and the end of February, and a temperature above 100° may occur in 
the summer. The average minimum soil temperatures at a depth of 
6 inches at Moorestown wore found to follow closely the normal 
temperature of the air.* 

In other regions the change in resistance of the larvae may come 
at different periods of the year than at Moorestown, but it is improb- 
able that the weather conditions in any section will increase the 
resistance to such an extent that immersion for 70 minutes in water 
at 112° F. will not prove fatal. 

IMPORT.\NCE   OF   MAIXTAINING   TEMPERATURE   CONSTANT 

In the preliminary study of the relation between the temperature 
of the water, the period of immersion, and larvicidal action, it was 
found that the minimum time necessary to kill all of the larvae could 
be modified considerably by changing the temperature only 2°. 
When the temperature of 112° F. had been selected as the most prac- 
tical temperature for treatment, an intensive study was made of 
the effect on the insecticidal action of varying the temperature of the 
water by 2° above and below 112°. The temperature of the water 
was held within 0.5° of 110°, 112°, or 114° throughout the course of 
the treatments. 

Eggs, larvae, prepupae, pupae, and adults were immersed in 
water at these temperatures without soil for periods of time ranging 
from 10 to 120 minutes. Many different periods of immersion were 
tested, but only the lesults from those periods which are increments 
by 10 minutes are given in Table 11. 

'The data on soil temperatures were furnisheil by Henry Fox, under whose direction 
the meteorologicai data of this laboratory are recorded. 
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TAIILB 11.—Results of treatment of different stages of the Japanese beetle with 

tenter at 110°, 112°, and 11/,° F. 

Period 
of im- 

mersion 

Mortality ol - 
Tem- 

perature First- Second- Tliird- Pre- Eggs instar instar instar Pupae Adults 

Minutes °F. 

larvae 

Per cent 

larvae larvae piipae 
1 

Per cent Per cent Per cent Per cent Per cent Per cent 
110 ....---.,. 29.0 

10 112 '"'¿S.'Ô" ""n'b" "  "'67."i" "ii.'ô" "   "¿ö.'ö ' 84.0 
114 (Í2.9 99 9 93.4 77.0 69.7 70.7 100.0 
110 B9. 0 86 3 74.5 89.5 48.0 35. 0 63. 0 

20 112 7.5.4 98.3 98.4 97.7 58.8 57.4 100. 0 
114 91.3 99.9 100.0 99.3 99.5 92.0 100.0 
110 73.9 96.0 88.7 87.9 57.0 27.0 99.5 

30 112 78.2 99.7 100.0 99.0 89.0 83.7 100.0 
114 99. 6 100.0 100 0 99.9 100 0 99.9 100.0 
110 71. S 99.3 98 0 95.6 68.0 41.3 100.0 

40 112 91.4 100.0 lOO.O 99. 1 99.8 95.4 100.0 
114 99.9 100.0 100.0 100 0 100.0 100.0 100.0 
110 83.0 99.3 99.7 98 4 80.0 73.0 100.0 

50 112 97.3 100.0 100.0 99.2 100.0 98.1 100.0 
114 100.0 100.0 100. 0 100.0 100.0 100.0 100.0 
110 79.4 100. 0 10O.0 94.5 90.4 79.2 100.0 

CO 112 98. I 100.0 100.0 99.5 100.0 99.2 100.0 
114 100.0 lOO.O 100.0 100.0 100.0 100. 0 100.0 
110 81.4 100.0 100.0 95.0 94.8 91.2 100.0 

70 112 99.7 100.0 lOO. 0 100.0 100.0 100.0 100. 0 
114 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
110 93.1 100.0 100.0 97.9 99.7 94.0 100.0 

80 112 
114 

99.9 100.0 100.0 100.0 100.0 100.0 100.0 
100.0 100.0 100.0 100.0 100 0 100.0 100.0 

110 9.5.2 100.0 lOO.O 98.9 100.0 9.5. 9 100.0 
90 112 lOO. 0 100.0 100.0 100.0 100.0 100 0 100.0 

114 100.0 lOOO 100.0 100.0 100 0 100.0 100.0 
1      110 92.« 100.0 100 0 99.5 Í00 0 97. « 100.0 

lOO 112 100 0 100 0 100.0 100.0 100 0 100.0 100 0 
I     114 lOOO lOOO 100.0 100.0 100.0 100 0 100 0 
1      110 9fi. (> 100. 0 100.0 99 1 100.0 98.8 100 0 

110 112 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
[      114 loao lOOO 100.0 lOOO 100.0 100.0 100.0 
1      110 97. (i 100.0 100.0 99. 1 100 0 19.2 100.0 

120 112 100. 0 100.0 100.0 100.0 100.0 100.0 100.0 
1     114 100,0 100.0 100.0 100.0 100.0 100.0 100.0 
1      110 

112 
[     114 
1    no 

112 
I     114 
1      110 

112 
I     114 
1      110 
I      112 
I     114 

98.9 
100.0 
100.0 
99.fi 

100.0 
100.0 
99.8 

100.0 
100.0 
100.0 
100.0 
100.0 

130 

140   
    ]"_'_/_'/__'_ [["[[[[Il 

1,50 

liO       11..-]!.\!LI                  
1                          1       --'   

           1               

The results of these tests show that if, in applying the treatment, 
the temperature of the water is inadvertently kept at 110° instead of 
112° F., not all of the insects would be killed within a period of 70 
minutes. In these tests, when the water was held at 110°, 18.6 per 
cent of the eggs, 5 per cent of the third-iiistar larvae, 5.2 per cent of 
the prepupae, and 8.8 per cent of the pupae survived the insecticidal 
action. In order to destroy the different stages of the insect at 110° 
it was necessary to immerse the eggs for 160 minutes, first and second 
mstar larvae for 60 minutes, third-instai' larvae for more than 120 
minutes, prepupae for 90 minutes, pupae for more than 120 minutes, 
and adults for 40 minutes. If, on the other hand, the temperature 
of the water is allowed to rise above 112°, the insecticidal action will 
be accelerated.    In these tests all stages of the beetle were extermi- 
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natpd by immersion for 50 minutes in water at a temperature of 
114°. 

It was also found that when the period of immersion at 112^ was 
reduced to 60 minutes, the most resistant of the eg<,'s, third-instar 
larvae, and pupae were not Ivilled. The treatment was even less 
effective when the beetle was immersed in water at 110° for 60 min- 
utes. In the latter treatment, 20.6 per cent of the epirs, 5.5 per cent 
of the third-instar larvae, t).ö per cent of the prepupae, and 20.8 per 
cent of the pupae survived. Other examples of decreased effective- 
ness when the temperature of the water is lowered to 110°, or the 
l)eriod of treatment is less than 70 minutes, may be seen by consulting 
Table 11. 

These data, which were accumulated durin«; three years, emphasize 
further the importance of maintaining careful control over the tem- 
perature of the water and prolonging the treatment for a sufficient 
period of time to secure the insecticidal action. 

INSECTICIDAL ACTION   IN   SOIL 

When the insecticidal action of water at a temi)erature of 112° F. 
had been established with the different stages of the beetle that had 
been removed from soil, a study was made to determine the effective- 
ness of the treatment in destroying infestations in soil. Experimental 
work on the effectiveness of hot water in soil was carried on in the 
laboratory, in the greenhouse, and in the nurseries. 

In tlie laboratory, masses of soil of different types, volumes, and 
composition were artificially infested with third-instar larvae. The 
procedure which was found to be tlie most satisfactory in prejiaring 
these masses of soil was as follows : An earthen flowerpot of the desired 
volume was partially filled with the soil to be tested, five larvae were 
placed on the soil, and then sufficient soil was added to fill the pot. 
The pot was then inverted on washed, moi.st muslin and carefully 
removed in such a manner that the form in which the soil had been 
molded was not destroyed. The soil was then tightly wrapped in the 
muslin and tied. Forty masses of the same type and volume were 
prepared for each test so that the effect of the treatment could be 
observed on at least 200 larvae. Thermometers were inserted throuirh 
the muslin into the soil in such a manner that the mercury bulbs 
were at the centers of the masses of soil. The artificially infested 
masses of soil were then immersed in water. When the temperature 
recorded on the thermometer showed that the center of the mass of 
soil had reached a temperature of 112° F.. the soil was held in the 
water for an additional 70 minutes. The soil bags were then removed 
from the hot water and suspended to drain until the soil was suffi- 
ciently dry that the larvae could be removed without causing me- 
chanical injury. The larvae were removed from soil and kept under 
observation in the same manner as was used in studying the insecti- 
cidal action on larvae that had been removed from soil before 
treatment. 

It was found that larvae were destroyed in sandy loams, clay 
loams, sand, and peat, when the soils were either wet or dry, and 
varied in volume up to 1 liter, by immersing the infested masses of 
soil in water at 112° F. and continuing the treatment for 70 minutes 
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after the soil masses had been heated throuf,diout to the temperature 
of the water. In many cases groups of 200 larvae were destroyed 
by holding the soil at 112° for less than 70 minutes. It is apparent 
that the period of preheating has a certain insecticidal action which 
tends to decrease the period of treatment necessary at 112°. 

In the greenhouse the soil about the roots of hydrangeas growing 
in 6-inch earthen pots was infested artificially by placing five active 
third-instar larvae on the surface of the soil in small depressions 
and allowing them to burrow into the soil. After a week the larvae 
were found to be distributed throughout the soil in the pots. Some 
larvae were feeding on the roots in contact with the sides of the 
pots; others were feeding on the roots near the center of the masses 
of soil. Thermometers were inserted into the masses of soil and 
roots in such a manner that the mercury bulbs were at the centers 
of the masses. The potted plants were then placed in water at a 
temperature of 112° so that the soil was completely immersed and 
the aerial portions were above the water, and kept in the water for 
70 minutes after the soil had been heated throughout to 112°. After 
treatment the plants were returned to the greenhouse bench. When 
the soil had dried sufficiently to be friable, the soil was shaken from 
the roots and a careful search was made for the larvae in each pot. 
The larvae whi^:h were recovered were kept under observation until 
the effect could be definitely determined. It was found that the treat- 
ment of the infested hydrangeas was successful, all larvae being 
destroyed. 

In the nurseries, groups of Dahlia, Phlox, Iris, and Paeonia, which 
liad been dug previously from infested fields, were prepared for ship- 
ment according to the regular procedure by removing excess soil, 
dividing the clumps, and pruning the roots. The plants were then 
immersed in water at a temperature of 112° F. and held for 70 min- 
utes after the masses of soil about the roots had been heated to the 
temperature of the water. The plants were then removed and exam- 
ined. The cavities in the roots were cut open, tangled masses of 
roots were divided, crevices dug out, and all adhering soil broken up 
to find any larvae which might be hidden in the plants. After a 
long, tedious examination of over 5,000 plants, all larvae of the 
Japanese beetle were found to have been destroyed as were also some 
larvae of Phyllophaga, some elaterid larvae, earthworms, and 
millepedes. 

It was apparent from these experiments that hot water could be 
relied upon to destroy the immature stages of the beetle in the soil 
about the roots of plants, provided the infested soil was immersed in 
water at a temperature of 112° F. and maintained in the water for 
70 minutes after it had been heated to 112°. 

HEATING SOIL BY IMMERSION IN HOT WATER 

Having ascertained that the Japanese beetle is destroyed by im- 
mersing the infested soil in water at 112° F., a study was made of the 
factors affecting the penetration of heat into soil under these condi- 
tions. When a mass of soil at room temperature is immersed in 
^yate^ held at 112° F., hot water flows into the soil, displacing prac- 
tically all the air and filling the interstices with water.    The inrush- 
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ing hot water gives up some of its heat to the particles of soil, raising 
the temperature of the soil 20° to 30°. After the initial increase in 
temperature, heat penetrates from the water surrounding the soil 
and gradually raises the temperature of the soil and its absorbed 
water to 112°'. The period of time required to heat a mass of soil to 
112° under these conditions depends on many factors, among which 
the most important are the volume, type, temperature, and absorptive 
power of the soil. 

The volume of the soil modifies considerably the period of time 
necessary to heat it. When bog soil about the roots of cultivated 
blueberries was immersed in water at 112° F., the period of time 
reciuired to heat the soil to this temperature was extended greatly 
with a slight increase in the size of the mass of soil. When the soil 
and roots were in compact, roughly spherical masses of approx- 
imately 2 inches in diameter and containing about 8 cubic inches 
in volume, 27 minutes were necessary to heat them to 112°. The 
average j^eriods of time required to heat larger volumes of this 
soil and roots are as follows : 27 cubic inches in 57 minutes, 64 cubic 
inches in Gl minutes, 216 cubic inches in 80 minutes, 512 cubic 
inches in 90 minutes, 1,728 cubic inches in 205 minutes, and 3,.'575 
cubic inches in 390 minutes. There was, however, considerable 
variation in the time required to heat masses of sdil and roots of 
the same volume. The mininnun time required to heat 8 cubic inches 
of peat soil was 5 minutes, but the maximum time was 70 minutes. 
The heating of clay loam in earthen flowerpots Avas very similar to 
the heating of the bog soil about the roots of blueberry jilants. 
Two cubic inches of clay loam in a li/2-incli clay pot was heated 
from room temperature to 112° on the average in 14.5 minutes. 
The heating of larger volumes of clay loam in ))ots was accomplished 
in the following periods of time: 5 cubic inches in 18.4 minutes, 
6.6 cubic inclies in 19.8 minutes, 16 cubic inches in 29.9 minutes, 
2G cubic inches in 37.6 minutes, 39 cubic inches in 48.9 minutes, and 
53 cubic inclies in 55.6 minutes. Similar results were obtained with 
different volumes of sand, sandy loam, clay, and peat moss. It was 
apparent from a study of the rates of heating different volumes of 
soil to 112° that several hours are required to heat relatively large 
masses of soil to the temperature of the surrounding water. If 
it is necessary to limit the hot-water treatment to those masses of 
soil which can be heated to 112° within a period of 60 minutes in 
order to make the method practical to u.se in the nurseries, it will 
be necessary to confine the treatment to those plants which have 
less than 64 cubic inches of soil about their roots. 

The penetration of heat into soil immersed in hot water is affected 
by the type of the soil. Thirty-nine cubic inches of moist sandy 
loam in a 4-inch earthern pot was heated in 32 minutes; clay loam 
under the same conditions required 49 minutes; and a peat soil 
required 72 minutes to be heated to the temperature of the sur- 
rounding water. 

The temperature of the mass of soil before immersion affects the 
period of heating required. Soils which are at a temperature of 
35° to 50° F. required from 10 to 30 minutes longer treatment, 
depending upon the volume, than did soils which were at 65° to 75°. 
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The soil should be warm to reduce as much as possible the period of 
preheatin«;. 

The period of time required to heat a soil to 112° is affected by the 
quantity of water absorbed by the soil when immersed. Soils which 
are satiuated with water before being placed in hot water are heated 
more slowly tlian soils which are onl}' partially saturated with water. 
After tlie rapid increase in temperature caused by the inrush of hot 
water, the temperature will increase more slowly. The heat capacity 
of water is approximately five times that of dry particles of soil 
(JS). It is apparent, therefore, that soils, such as peat, which absorb 
a hipfh percentage of water, will heat more slowly than sandy soils 
which have a limited absorptive power. 

A comparative study was made of the time required to heat sandy 
loam to the temperature of the surrounding water when the tempera- 
ture of the water was 100°. 110°, 115°, or 120° F. It was found 
that the time required to raise the temperature of the soil to that of 
the surroundinii water was jiractically the same within the range of 
100° to 120°. 

There are many intrinsic factors involved in the^ penetration of 
heat into a mass of soil immersed in hot water. It was found impos- 
sible to predict accurately the period required to heat the soils about 
the roots of the different nursery plants. It was decided, therefore, 
to determine the jieriod of heating required in each treatment by 
the following procedure : Select several plants with the largest masses 
of soil about their roots and insert thermometers in such a manner 
that the mercury bulbs are approximately at the center of each mass 
of soil and roots. Place these plants last in the hot water and 
observe constantly until the thermometer is at a temj)erature of 
112° F. When tlie last of these inserted thermometers registers 112° 
all of the masses will be at this temjîcrature. 

EFFECT OF HOT-WATER TREATMENT ON NURSERY PLANTS 

PRELIMINARY   WORK   IN   1926-27 

Through the coo])eration of interested nurserymen. 1,500 plants 
of 87 varieties were made available for experimentation with hot 
water. The i)lants were prepared for treatment by removing the 
loose soil, dividing the large clumps of roots, and ]Muning the tops 
and roots. The plants were treated while dormant (luring the winter 
of 1920-27 by immersing the roots in water at temperatures of 108°, 
nO°, and 112° F. for periods of 100, 60, and 40 minutes, respectively. 
The plants were then potted and placed in the greenhouse for observa- 
tion. Four months after the application of the treatment the con- 
dition of the plants indicated that 04 of the varieties had not been 
appreciably affected by the hot water and 23 of them had been killed 
or greatly retarded in development. In view of the successful treat- 
ment of the majority of the plants in this jjreliminary experiment, 
the writers were encouraged to proceed with experimentation on a 
much larger scale at the laboratory and in commercial imrseries. A 
preliminary report on the effect of hot water on nursery plants has 
been published (5). 
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EXPERIMENTS AT THE  LABORATORY 

After the successful results in the preliminary experiment had 
been obtained, a group of varieties in wliich commercial nurserymen 
were particularly interested was selected for further experimentation. 
These plants included Azalea spp., Berberís sp., Dahlia sp., For- 
sythia sp., Hydrangea spp., Iris spp., Paeonia spp., Phlox spp.. Picea 
sp., Rhododendron sp., Spiraea spp., Syrlnga sp., Vacciniwn sp., and 
Weigela sp. 

TIIEATMENT   OF   AZALEA   8PP. 

During the winter of 1926 experiments were begun to determine 
the effect of the hot-water treatment on the greenhouse azalea. Azalea 
indica, and on the decorative azalea, A. anioena. The roots of the 
semidormant, 3-year-old, indica azaleas, including the varieties Em- 
press of India, Jean Haerens, Mme. Petrick, Mme. Van der Cruyssen, 
Professor Walters, Simon Mardner, and Vervaene, were immersed 
in water at temperatures of 100°, 108°, 110°, 112°, and 114° F. for 
different periods of time after the masses of soil had been heated to 
the temperature of the water. The periods of preheating varied 
from 70 to 140 minutes, depending upon the volume and the condi- 
tion of the soil held by the roots. The plants were then potted and 
placed in warm and cool greenhouses for observation. It was found 
that the immersion of the roots of A. indica in hot water at any 
temperature for an insecticidal period had a decidedly detrimental 
effect on the plants. The flower buds were completely destroyed, 
the weaker plants killed, and the vigorous plants seriously retarded 
in their subsequent growth. When the treatment was applied to 
A. indica in the early fall, before the plants had reached the stage 
of dormancy of the winter plants, the result was equally disastrous. 
The immersion of the roots of A. amoena in hot water was also fatal 
to the plants. 

TREATMENT OF ItERBEMS SP. 

Three-year-old plants of red Japanese barberry. Berberís thun- 
bergi atrojmrpurea, were dug in the field in the fall and placed in 
storage. During the winter the roots were immersed for insecticidal 
periods in water at temperatures of 100°, 108°, 110°, 112°, 114°, 116°. 
118°, and 120° F. The treated plants along with some untreated 
plants were planted in a warm greenhouse for observation. It was 
found that the immersion of the roots in hot water at ariy of these 
temperatures for an insecticidal period had a deleterious effect on the 
plants. After treatment the roots became soft, spongy, and dis- 
colored, and the tops became dry and hard. A month after the roots 
were immersed in hot water the plants were dead or so severely 
injured as to be of no value. 

Bed barberry plants were dug in the field during April, May, and 
October, treated by immersion in water at 112° F., and replanted in 
the field. It was found that the i-ed barberry was very sensitive to 
the action of hot water on its roots and was killed by this treatment 
readily at any time of the year. 
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TIIEATMKNT OF UAJILIA  SP. 

Clumps of dahlias of several common varieties were dug in the field 
in tlio fall of 192G, surface-dried, and placed in cool, aerated cellars. 
In tlie earlv winter of 1926-27, roots wore immersed for insecticidal 
periods in water at temperatures of 100°, 108°, 110°, 112°, 114°, 116°, 
118°, and 120° F. The period required to heat the soil adhering to 
the chimps to the temperature of the water was in no case greater 
than 20 minutes. Some of the treated roots were potted and placed 
in warm greenhouses along with untreated roots of the same varieties. 
All of the roots which were treated at temperatures above 108° grew 
normally in the pots as shown in Figure 8 and produced flowers 
that were equal to those of the untreated roots of the same varieties. 
The roots which were treated at 100° were killed by the prolonged 
inunersion in the hot water. Another group of these treated roots 
was packed, while wet, and placed in storage. When these roots 
were examined in early spring, it was found that many of them had 
rotted. A third group of these roots was carefully surface-dried, 
then stored in a cool, well-aerated cellar; and in the spring these 
roots were found to be in good condition. 

In late spring of 1927 a group of dahlia roots was immersed for 70 
minutes at 112° F., in addition to the 15 minutes required to heat the 
clumps to this temperature. When the roots were removed from the 
water it was found that all of the eyes which had ^rown an inch or 
more were killed ; the eyes which were not so far advanced were ap- 
parently unaffected. The roots were planted in the field and grew 
n(>rmally. The flowers on these treated plants were equal in every 
lespect to those on untreated plants of the same varieties. 

During the winter of 1928 dahlia roots were treated by inunersion 
in water at 112° F., carefully dried, and placed in a mixture of peat 
and soil on greenhouse benches. As the eyes on the roots developed, 
the new sprouts were removed and planted in pots, according to the 
procedure used in the vegetative propagation of the newer varieties. 
The results obtained with the treated roots were equal in every respect 
to those obtained with untreated roots. The varieties which were 
treated and used successfully for propagation purposes included: 
Barbara Snow White, Bob Newcombe, Bob Pieuse, Cactus, Elite 
(ilory, Flambuoyant, Fellowes, Geisha. Granada, Hera, His Majesty, 
Jean Chazot, Jersey Empress, Jersey Sovereign, Josephine Mendillo, 
Lemonade, Lillian Baldwin, Little Beauty, Little Jewel, L. W. Alton, 
Margaret Woodrow Wilson, Marion, Midget, Mme. Gygax, Nagel's 
Glory, Oasis, Riverton Golden Glow, Rodman Wanamaker, Skag- 
errak, Sun Maid, Sunny South, Tango Century, Wapiti, and Yukon. 

TKHATMKNT OF F0K8YTIIIA  SP. 

The weeping forsythia. Forsythia suspensa, was dug in October, 
when dormant, the loose soil removed from the roots, and the roots 
immersed in water at 112° F. for periods of 70, 90, and 110 minutes. 
The plants were then planted in the field. In February some of the 
plants which had been treated for each period of time along with 
some untreated plants were dug, potted, and brought into a warm 
greenhouse.   The treated plants grew normally and flowered the 
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i-iuue iis the uiitreateil plants. The tfeated phiiits could not be <lis- 
tinjïuiished from the untreated plants in the field during the next 
growinii reason. 

I'IGUBES.—A, Dahlia plant grown Irom uiilriMtüd i-i,ot ; I!, to II. rtalil'ii niants uri>wn 
Irom roots tivatcd with hot water at 108°, 110°, 112°, 114° IIU" 118° and 120° 
F..  r('yl>;'<'tivo.y 

TIIEATMENT   OF   UYDUANGKA   SPP. 

During the winter the house hydrangea, Hydrangea opuloides, 
including the varieties Baby Bimbenet, Doinotii, E. G. Hill, General 
de Vibraye, Mme. E. Chautard, Mme. E. Mouillère, Otaksa, Radiant, 
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and Suzanne Cayeiix, were immersed for insecticidal periods in 
water at temperatures of 100°, 108°, 110°, and 112° F. The plants 
were dormant and were well established in ü-inch pots at the time 
of treatment. It required from 70 to 100 minutes to heat the soil 
in these pots to the treatin<f temperatures. After treatment the 
plants were ilivided into two groups. One group was placed imme- 
diately in a warm greenhouse; the other was kept in a cool green- 
house for a period of six weeks and tlien brought into the warm 
gi-eenhouse. It was found tliat treatment at 100° F. had killed 
tile plants and treatment at the other temperatures had retarded 
to some extent the subsequent development. The injurious action of 
hot wat(>r was more apparent on those plants which were held in 
the cool greenhouse for six weeks before being brought into a grow- 
ing temperature. Most of (he plants which were placed in the 
warm house after treatment produced practically normal flowers, 
as shown in Figure 9, A to D, although the jjlants did not have the 
vigorous appearance of the untreated plants. The plants which 
were kept cool for a period were stunted in growth and few of them 
produced normal blooms, as shown in Figure 1), E to H. 

In August, li)29, the house hydrangea, II. ojiuloides, was treated 
while growing actively by immersing the roots in water at a tempera- 
ture of 112° F. for a period of 70 minutes after the soil about the 
roots had been heated to this temperature. Some of the plants were 
du<^ in the Held and had all of the loose soil removed from the roots 
before treatment ; others were dug and potted in 4-inch, 5-inch, and 
C-incli pots before the roots were immersed in the hot water. After 
treatment, all of the ¡liants were placed in pots and set in the field. 
The varieties which were treated included America, Avalanche, Baby 
Bimbenet, Caprice, Coquelicot, Domotii, Eclaireur, E. G. Hill, Elmar. 
General de Vibraye, La ^larne, Lancelot, Louis Mouillere, Maréchal 
Foch, Mme. Agnes Barillet, Mme. Auguste Nonin, Mme. E. Chautard, 
Lilie Mouillere, Mme. llené Jacquet, Otaksa, Splendens, Success, 
William l'fitzer, and Yvonne Cayeux. Within a few days after the 
treated plants were placed in the field the leaves and the terminals of 
the stems began to wilt. The plants never recovered from the effect 
of the hot water on the roots, and by the end of the first month were 
dead. 

The smooth hydrangea, II. nrlxn-eseens, was dug in the field while 
dormant and treated by immersing the roots in water at 112° F. for 
70 ndnutes after the soil had been heated to this temperature. The 
plants were set in the field iunnediately after treatment. During 
the sunnner of 1928 the treated jjlants were i-ctarded in growth as 
compared witli the tmtreated ])lants. 

TREiiTMCNT OF IltIS SI'P. 

During the winter the crested iris {Iris eris'tata), the tall bearded 
iris (/. pallida and /. vancgata)., the fringed iris (/. japónica), the 
yellowband iris (/. ochroleuca), the yellowfiag iris (/. f^eudacor-us), 
and the Siberian iris (/. sihirica) were immersed, while dormant, in 
water at a temperature of 112° F. and kept in the water for 70 min- 
utes after the soil about the roots had been heated to this temperature. 
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Tliey wore then planted in the field. Durin«.; the follo\vin<i summer 
the treated iris of all species, with the exception of /. ockroleuca, 
could not bo distiii<iuished fi'om tlie untreated plants of the same 
species «irowiutç in the field. /. ocJiroleuca seemed to be somewhat 
retarded in develoimient durinji tlic first season. 

I'lGUiu: '.).—.\ to J>, H,v(Iranf;o;)s from plniits kopt in a warm gr(>eiilioiise 4 months: 
.\ anil B, untreated; (' and I), treated with liot water at 110° !•'. ; E to U, liy- 
<lranf;cas from plants kept in a cool Krcenliouse for 1% months and in a warm 
;.'r('enhousc for '_"/. months; E. untreated ; F to 11. treated with hot water at 108°, 
110°, and lli;°  F.. respectively 

111 Auoust, li)äS. the varieties Celeste of /. pcillkla and Spectabilis 
and Sher\vin-Wri;;ht of /. variegata were immersed in water at 
112° F. for periods of TO, 80, 90, 100, and HO minutes. The j^lants 
wore set out in the nursery, where thoy grew and bloomed normally 
the following- .season, as shown in Figure 10. Iris has been treated 
during February, March, September, October, November, and De- 
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cember without any apparent detrimental effects. Treated iris, when 
properly dried and packed, have been kept several months in storage 
and then, after planting, have grown normally. 

TREATMENT  OP  PAEONIA   SPP. 

The dormant roots of Paeonia spp. were removed from storage and 
immersed for insecticidal periods in water at temperatures of 100°, 

FlGUEB  10.- -Iris plants : A, From untreated roots ; B, from roots treated with hot 
water at 112° F. for 70 to HO minutes 

108°, 110°, 112°, 114°, 11C°, 118°, and 120° Y. The roots were then 
potted and placed in a warm greenhouse. The plants grew and 
were equal in every respect to the untreated plants, with the excep- 
tion of those that had been treated at 118° and 120°. (Fig. 11.) 
The roots treated at these higher temperatures were retarded some- 
what in development, although not seriously affected. The treat- 
ment at 112° was also applied for 75, 100, and 125 minutes without 
causing any deleterious effect on the plants. 
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The varieties Albert Crousse, Avalanche, Baroness Schroedeir, 
Berlioz, Canari, Charlemagne, Duchesse de Nemours, Edulis Su- 
perba, Eugene Verdier, Festiva Maxima, L'Indispensable, Living- 
stone, Louis Van Houtte, Marie Jacquin, Meissonier, Mme. Emile 
Galle, Mlle. Leonie Calot, Mons. Jules Elie, and Sarah Bernhardt 

B 

FiGuiiE  11.—l'eony plants : A,  From  uiitivated  root ;  B  to H,   from  roots treated 
with hot water at 108°, 110°, 112°, 114°, 116°, 118°, and 120° V., respectively 

have been treated successfully by immersing the roots in water at 
112° F. for 70 minutes after the soil about the roots had been heated 
to this temperature. Treatment has been applied successfully dur- 
ing January, February, March, August, September, October, Novem- 
ber, and December. The treated Paeonia roots grew normally even 
when kept in cold storage for several months after treatment. 
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TREATMENT  OF PHLOX   SPP. 

During the winter, amoena phlox {Phlox amoena), the smooth 
phlox (p. gJaberrima suffruticosa), the garden phlox {P. pamicvr- 
lata), and several horticultural  varieties of phlox were immersed 

FIGURE 12.—Phlox plants : A, From untreated roots ; B to H, from roots treated 
with bot water at 1U8°, 110°, 112°, 114°, 116°, 118°, and 120° F., respectively 

while dormant for insecticidal periods in water at temperatures of 
108°, 110°, 112°, 114°, 116°, 118°, and 120° F. The plants were then 
potted and placed in a warm greenhouse. All of the treated plants 
grew normally, as shown in Figure 12. 
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The varieties Champs Elysée and Mrs. Jenkins were immersed in 
water at 112° F. for periods of 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 
120, 130, 140, and 150 minutes. All of the plants grew normally 
except those that had been in the water for over 120 minutes. The 
plants that were immersed for long periods of time were somewhat 
retarded in development. 

Tlie varieties Albion, Bacchante, Bridesmaid, Champs Elysée, 
Jacquiline Älaille, Jeanne d'Are, La Vague, L'Espérance, Louise Ab- 
bema, Mia Kuys, Mrs. Jenkins, Kheinlaniler, Rijnstroom, and Thor 
have been treated successfully by immersin«; the dormant plants in 
water at 112° for a period of 70 minutes after the soil masses have 
been heated to tliis temperature. 

TRtJATMENT  OF PICEA  SP. 

Colorado spruce {Picea pun.genx) was dug in the nursery in early 
spring. The mass of soil about the roots was secured by means of 
a burlap wrapping, such as is employed in the commercial nurseries. 
The roots were then immersed in water at 112° F. and held in the 
water for periods of 40, 50, GO, and 70 minutes after the soil had 
been heated to the temperature of the water. The trees were then 
planted in the nursery. The hot-water treatment, even for a period 
of 40 minutes, was vci'y detrimental to Colorado spruce. AVithin 10 
days after treatment the foliage began to drop, and by the end of a 
month the trees were brown and dead. 

TREATMENT  OP RHODODENDRON   SP. 

The varieties Caractacus, Catawbiense, Everest, John Walter, and 
Sir Henry Havelock of Rhododendron catawhiense were dug in the 
field on September 29, 1927, and treated by immersing the roots in 
water at 112° and holding the plants in the water for 70 minutes 
after the soil about the roots had been heated to this temperature. 
It required 160 minutes to heat the soil about the roots of these 
rhododendrons to 112° F. The plants were set out in the nursery 
and never recovered from the action of the hot water on the roots. 
All the treated plants died. 

TREATMENT  OF   SPIRAEL^   SPP. 

Spiraea humMlda, variety Anthony Waterer, was treated in Janu- 
ary, while dormant, by immersing the roots in water at a temperature 
of 112° F. for 70 minutes. A period of 30 minutes was required to 
heat the soil about the roots to this temperature. The plants were 
set out in the nursery and grew normally during the next summer. 

Bridalwreath (^S". frwiifolia) was treated in October in the same 
manner, and planted in the nursery. In February some of the plants 
were dug, potted, and placed in a warm greenhouse. The plants 
grew and produced normal blooms in the greenhouse. During the 
following season the treated bridalwreath in the field grew and 
bloomed the same as the untreated plants. 
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TRB:ATMENT OF SYRINGA SP. 

The common lilac, SyHnga vitJgaris, when dormant in October, 
was immersed in water at 1Í2° F. for periods of 70, 90, and 110 min- 
utes, and then planted in the nursery. In February some of the 
plants were dug, potted, and placed in a warm greenhouse. The 
])lants which were forced into early growth and those which were left 
in the field all grew normally and produced flowers during the grow- 
ing season. 

TBKATMEM' OF VACClNIfM  SP. 

Cultivated blueberries {Vaccimium sp.), including the varieties 
Adams, Cabot, Dunfee, Cirover, Harding, Katherine, Pioneer, Ran- 
cocas, Eubel, and Sam, were dug in the field, and after excess soil 
had been shaken from the plants the roots were immersed in water 
at 112° F. and held for a period of 70 minutes after the soil had been 
heated  to  this  temperature.    The   period  of   preheating  required 

FiGUKB 3;!.—Vacclnium plants about seven weeks after trontment of roots with hot 
water : A, Pioneer ; B, Cabot ; C, Rubel ; D, Harding 

varied from 20 to 255 minutes, depending upon the volume and the 
condition of the soil about the roots. Some of the treated plants were 
set in the nursery a few hours after treatment; others were packed 
and shipped to different growers. Although treatments were ap- 
plied during September, October, November, December, January, 
February, March, April, and May, when the plants were in different 
stages of growth, the plants were apparently unaffected, and de- 
veloped normally, as illustrated by Figure 13. There is, of course, 
less hazard in treating the plant« in late fall, winter, or early spring, 
when the plants are dormant, or semidormant, than in treating dur- 
ing the actively growing seasons. 

TBEATMBNT OF WEIGELA SP. 

Pink weigela {Weigela rosea) was dug in October, when dormant, 
and treated by immersing the roots in water at 112° F. for 70 min- 
utes after the soil had been heated to this temperature.   The plants 
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were then set out in the nursery. In February, some of the plants 
were dug, potted, and brought into a warm greenhouse.^ These plants 
which were forced into growth and those left in the field grew nor- 
mally and produced flowers during the growing season. 

BEOAPITULATIO.N   OP   ],ABOBAl-()liY   TICST8   WITH    PLANTS 

The results obtained in the lahoi-iitory experiments with different 
plants showed that treatment witli hot water was fatal to certain 
evergreens—Azalea spp., Rhododendron sp., and Picea sp. ; that the 
treatment was successful with cei'taiu herbaceous perennial plants—■ 
Dahlia sp., Iris spp., Paeania spj)., and Phlox spp.; that the treat- 
ment was successful with some dccichious shrubs, such as Forsythûi 
sp.. Spiraea spp., Syringa sp., and Weigela sp., but fatal to Berberís 
sp. and Hydrangea spp. It se(>med possible that the treatment could 
be applied successfully to some of the herbaceous perennials and 
deciduous shrubs, but could not be used on some evergreens. 

EXPERIMENTS  IN   COMMERCIAL  NURSERIES 

Most of the work witli plants was carried on cooperatively with 
the nurserymen who were interested in obtaining information on 
varieties with whicli tliey were jDarticuIarly concerned. This arrange- 
ment made it possible to experiment with a large number of plants 
without involving the expenditure of Government funds, but because 
of the nature of the work it was possible to obtain only limited in- 
formation on some varieties of plants. 

The treatment so far us possibk; was made an extra .step in the 
usual procedure of the nursery in preparing the different varieties 
for market. The herbaceous plants, such as IrL- spp.. Phlox spp.. 
Dahlia sp., and Paeonia spp., were prepared for treatment by i-e- 
moving loose soil, dividing the largo clumps, and pruning the tops 
and roots. Berberís sp., Lonicera spp.. Spiraea spp., and other de- 
ciduous shrubs were prepared for treatment by removing the loose 
soil and pruning the roots. The bulk of soil about the roots of Azalea 
spp. and Rhododendron sp. was reduced as much as possible with- 
out injuring the plants. Potted plants such as ferns and Hydrangea 
spp. were not pre25ared in any special manner for treatment. 

All plants, with the exception of the ferns and some varieties of 
hydrangea, were treated while dormant or seniidormant. The small 
herbaceous plants were packed loosely in wire baskets, or other 
suitable containers which would permit free circulation of water, and 
were immersed completely in the hot water, since it was practically 
impossible to treat only the subterranean portions of these varieties. 
The other plants were placed in the water in such a manner that 
only their roots were immersed. The plants were heated until the 
temperature of the soil about the submerged parts was 112° F. and 
then held at this temperature for a period of 70 minutes. 

Each variety was handled after treatment according to the usual 
commercial practice of the nursery. No attempt was made to han- 
dle the treated plants more carefully than the untreated stock, as it 
was maintained by the nurserymen that the treatment, to be practical, 
had to be successful under ordinary commercial conditions, without 
the exercise of special care for the plants.    Some varieties were 
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packed within a few hours in crates and placed in cold storage; 
other varieties were potted and set in greenhouses or coldframes; 
other varieties were planted outside in soil free of infestation. The 
treated plants were kept under close observation and were compared 
frequently with untreated plants of the same species under the same 
condition. The plants that were apparently unaffected by the treat- 
ment were sold at the end of the season. 

The varieties of plants which were treated, and the effect of the 
treatment on their subsequent growth, is outlined briefly in Table 12 
for convenient reference. It is apparent tliat with proper care a 
large number of plants may be treated successfully to destroy the 
immature stages of the Japanese beetle by immersing the subter- 
ranean portions of the plants in water at a temperature of 112° F. 

TABLE 12.—Effect of immersion in water at 112° F. for 70 minutes on dormant 
plants 

Name of plant 
Condition 

tr 
of the plant after 

Scientific name Common name 
eatment 

AchilUa filipfndulina    Fernleaf yarrow Killed. 
Retarded. 
Killed. 
Normal. 

Do. 
Do. 

Killed. 
Do. 

Normal. 
Killed. 
Normal. 
50 per cent 

retarded. 
75 per cent 

retarded. 
Do. 
Do. 

Normal. 
Do. 
Do. 
Do. 
Do. 

Killed. 
Do. 

Normal. 
Killed. 
Normal. 
Killed. 
Retarded. 

75 per cent 
retarded. 

Do. 
Do. 
Do. 

Killed. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

ptarmica                 Sneezewort 
Adiantum pedatum ..  American maidenhair  

Carpet bugle.__  
Chive   
Willow amsonia  
Golden columbine   
W'hite fan columbine  
Mexican columbine   
Munstead white columbine- 
Mountain snndwort  
Tuber oatgrass   

New England aster  

Rosy New England aster... 

A juca reptans.     . 
Allium schoenoprasum 
Amsonia tabernaemontana.. 
Aquilegia chrysantha 

ßahellata nana-alba 
skinneri . 

killed; SO per cent 

killed; 2') per cent 

Tiovae-angliae, var. Mrs. F. Raynor. 
India aster  

^""do""IIi;"Ii;i"""]" 
Astilbe   
Amoena azalea   
Indica azalea   

var. Orace Swept   
var. The President  
var. White Climax  

indica . 
Bavtisia australis 
Berberis thunbergi atropurpúrea lied Japanese barberry  

Chinese trumpetcreeper  Bignonia grandiflora 
Calimeris incisa  
CaUicarpa purpurea. Chinese beautyberry  

Canna    

"""do""i""".""":i:ii" 
 do  
Persian centaurea  
White mountain-bluet  
Jupitersbeard  ' 
White turtlehead 

Canna indica— 
killed; 25 per cent 

var. Mary Milon   
var. Mrs. A. F. Conrad   
var. Mrs. Antoine Wintzer _ 

Chelone glabra alba    

Chrysanthemum coccineum   Painted lady 
maximum    _ Pyrenees chrysanthemum... 

Mexican cibotium Cibotium schiedet  
Fragrant tube clematis  
Lil y-of-the-valley Convallaria majalis _  

Coreopsis lanceolata    Lance coreopsis 

Dahlia sp.— 
var. Barbara Snow White.  
var. Bob Newcombe   
var. Bob Flense _  
var. Cactus   

Dahlia  : 

 do I  
var. Elite Glory   do  ,_. 
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T.-VBLE 12.—E^cct of immersion in water at 112° F. for 70 minutes on dormant 
plants—Continued 

Name of plant 
Condition of the plant af 

treatment 
,er 

Scientifle name Common name 

/taftiia—Continued. 
var. Flanibuoyant   
var. Fellowes   
var. (leislia   

Dahlia        .                 Normal. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
T>o. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Killed. 
Normal. 
Killed. 

Do. 
Do. 

Normal. 
fiO  per  cent  killed; '<() |)er 

retarded. 
Normal. 
Killed. 
Normal. 

Do. 
Do. 
Do. 

Killed, 

Normal, 
Normal (inside). 
Killed (outside). 
Killed, 
Normal. 

Do, 
Do, 
Do, 
Do, 
Do. 

Retarded. 
Killed or retarded. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 
Do, 
Do, 
Do, 
Do. 
Do. 

 do -  . 
 do   
 do  

var. llera.  
var. His Majesty   
var. Jean C'hazot.  
var. Jersey Kinpre-ss  

 do...  
.....do  
 do   
.....do  

do                            . ... 
var. Josephine Mendillo   do..   

do 
 do  

var. Little lioauty   do  
. ..do  

var. Margaret Woodrow Wilson, 
var Marion                    .     ... 

 do  
do 

var. Midget do 
 do   
 do  

var. Oasis  
var. Kiverton Golden fHow  
var. Uodman Wanamaker  
var. Skagerrak..         do           '.        I 
var. Sun .Maid                 .. . do 

 do   
 do  
 do  

do  
IHanthus cartjophytlu^  

de'toide»          
Clove pink, carnation  
M:u(Ien pink 
\\ estern blocdingheart  
(ircciiUi foxglove  

purpurea gloiinineflori     . . 

Wild-rye   

Eryngium marilimum  . 

Flowering spurgf....  

Siberian meadowsweet  
European meadowsweet  

Forsythia suspensa  _ . 
Franklinia aíatamaha. 

Common perennial gaillar- 
dia. 

Chiloe avens   
Creeping gypsophila  
 do 

Oeum cbtloense  
Gypsophila repens . 

Helenium hoopesi    
Ileliopsis fieiianthoides pitcheriana  
Ilemerocatlis dumortkri   Early daylily 

fulva kwanso  Kwanso daylily 
IJosta caerulen       ... Blue plantainlily 
Humulus lupulus    Common hop 
Hydrangea arborescens  

var. America  
var. Avalanche  

 do  
 do   
 do  
 do  
 do.- 

var. Domotii   do    
 do.. 

var, E. O. Hill  
var. Elmar  
var. Qeneral de Vibraye.    .. 

 do    
 do    
 do... 
 do... 
 do  
 do  

var. Louis Mouillère   do  
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TABLE 12.—Effect of immersion in water at ir2° F. for 70 minutes on dormant 
plants—Continued 

Name of plant 

Scientific name Common name 

Hydrangea (chiefly) opwíoírfes—Contd.    i 
var. Maréchal Foeh ■ House hydrangea 
var. Mme. Agnes Barillet,. -   —do   
var. Mme. Auguste Nonin. .    do 
var. Mme. Chautard —   do, 
var. Mme. Uen6 Jacquet 
var. Otaksa .- ..    
var. Radiant   
var. S¡)lendens  
var. Success...   
var. Suzanne Cayeux  
var. William Pfltzer  
var. Yvonne Crayeux  

Ifypericiim moserianum  
Iheris se mperviTens   
Iris CTxstata     

japónica   
och roleuca   
pallida    
pseudacorus    
sibirica.    
variegata.-.- --  

Kerr ia japon ica   
Kniphofia nvaria    
lAatTxa pycnostachya    
Limonium latifolium   

Lonicera japónica haitiana  

var. vnrtegata  
var. Chinese Evergreen... 

Lychnis chalcedonica   
coronaria alba   

Lythrum salicaria roseum  
Malva moschata    
Mentha spicata   
Monarda didyma rosea  
Nierembergia rivularis — -.| Whitecup 
Paeonia albiflora, 

var. Edulis Superba  
officinalis   
var. Albert Crousse  
var. Avalanche  
var. Baroness Schroeder 
var. Berlioz  __ 
var. Canari 

do   
do .  
do    
do.. -  
do    

.-,-do    

...-do    

.-.-do   
(}oldflower   
Evergreen candytuft  
Crested iris   
Fringed iris   
Yellow band iris   
Tall bearded iris..- - 
Ycllowflag iris  - 
Siberian iris   
Tall bearded iris  
Kerria   .- 
Common torchlily   
Cattail gay feather   
Bigleaf sea-lavender  

Hall Japanese honeysuckle- 

Japanese honeysuckle  
 do _  
Maltese cross  
White rose campion.  
Rose loosestrife  
Musk mallow...   
Spearmint  
Rose beebalm   

Condition of the plant after 
treatment 

var Charlemagne   do. 

Chinese peony.. 
Conmion peony. 
 do  

-do  
.do  _ 
-do   
-do  

var. Duchesse de Nemours.. 
var. Eugene Verdier  
var. Festiva Maxima  
var. Ij'Iudispensable  
var. Livingstone  
var. Louis Van Houtte.. 
var. Marie Jacquin  
var. Meissonier  
var. Mme. i]mile Oalle. 
var. Mile. Leonie Calot.. 
var. Mons. Jules Elie  
var. Sarah Bernhardt  

Pentstemon torreyi   
laevigatus digitalis  

Phalaris arundinacea variegata  
Phlox amoena  

glaberrima suffruticosa  
paniculata   
var. Albion    
var. Bacchante  
var. Bridesmaid   
var. Champs Elysée  
var. Jacquiline Maille  
var. Jeanne d'Arc  
var. La Vague  
var. L'Espérance  
var. Louise Abbema -.. 
var. Mia Ruys  
var. Miss Lingard  
var. Mrs. Jenkins  
var. Rheinlander  
var. Rijnstroom   

-do-...  
-do...   
-do   
 do  
 do  
 do    
 od  
 do ---  
 do,...   
 do  
 do   
 do  
Torrey pentstemon  
Foxglove pentstemon. 
Ribbon grass  
Amoena phlox  
Smooth phlox  
Garden phlox  
 do  ---- 
 do..   
 do   
 do  
 do   
 do-   
 do  
 do  
 do  
 do. ----  
 do  -- 
 do --  
 do  
 do -  

Killed or retarded. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Normal. 
Do. 
Do. 
Do. 

Retarded. 
Normal. 
Retarded. 

Do. 
Do. 

Normal. 
Do. 
Do. 
Do. 

ÍKilled (outside). 
[Normal (inside). 
Killed. 

Do. 
Normal. 

Do. 
Do. 

Killed. 
Normal. 

Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Retarded. 
Do. 
Do. 

Normal. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do 
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TABI.E 12.-~Effect of immersion in uxiter at 112° F. for 10 minutes on dormant 
plants—Continued 

Name of plant 

Scientific name Common name 

Physalis francheti.  -- 
Phyxo^tegia virgmiana  
Picea pnjigen.t     
Polemoniiim humile -  
PolygoJi u m co mpadum.. _ - - - 
Polypoduim vulijare   ...   
PoÍÉTííi/ía.var. William Rolllnson  
Poterium oUusum  
Rhododendron catawbiense.   

var. Caractacus  
var. CatawIliense  
var. Kverest---  
var. John Walter  
var. Sir Henry Havelock. 

Hudbeckia laciniata - 
maxima _   - 
subtomentosa...   

Saponaria ocymoides splendens.. 
ikabiosa japónica  

Seduin spedabiie     -   

Senecio pulcher   
Sidalcea candida  
SileJie ichafta   
Silphium perfoliaium  

Lantern jiroiUKiclierry  
ViFRinia false-draKonhead- 
(■olüra<to spruce..    .-  — 
Dwarf polemonium _ 
Fleeeellower   
rommon polypody  
riin()uefoil   
Jaiianesc hurnet-  
C'atawba rhododendron-.. 
 do -  
 do  
 do ---- 
 do   
. _-.do   
Cutleaf coneflower -. 
Great coneflower   
Sweet coneilower -- 

I Rock soapwort  
I Ja¡)ancse scabiosa. 

Showy stonecrop.. 

Uruguay groundsel,.. 
White prairiemallow. 
Schafta cutcbfly  
Cup rosinweed  

Soiidago altissima --  
shoTti -   

Spiraea bumatda var. Anthony Waterer. 
prunifoUa..    

Stachys grandiflora --.  
Statice cephaloies rosea   
Stokesia lacvii^ - -  
SympkoTtcarpos vulgari-t  _  
Syringa vulgaris     
Thalictrum glaucum   

"inter medium"   
Thuja occidenialis   
Thymus terpyllum aureus    
Tradescantia virginana   
'Tritonia, var. Westwick  
lyollius sp  - -  
Titnica saxífraga.,.   
Vaccinium sp  

var. Adams  _  
var. Cabot   
var. Dunfee    
var. Grover _. 
var. Harding  _  
var. Katherine  
var. Pioneer  
var. Rancocas   
var. Rubel  
var. Sam   
var.803N   
var. 823A...   

Valeriana officinaiis  
Veronica incana    

longifoiia subsessilis   
repens.  
splcata  -   
spuria    

Weigela rosea...   

Tall goldenrod  
Goldenrod   
Bumalda spirea  
Hridalwreath  
Big betony  
Thrift   
Stokesia  
Coralberry   
Common lilac  
Dusty meadowrue — 
Meadowrue   
American arborvitae, 
Thyme   
Virginia spiderwort.. 
Tritonia - 
Globeilower   
Saxifrage tunicflower. 
Blueberry  
 do  .-. 

.do. 

.do. 
-do. 
.do. 
.do. 
.do_ 
-do_ 
.do- 
.do. 
-do-.  
-do  

Common valerian... 
Woolly speedwell... 
Clump speedwell  
Creeping speedwell- 
Spike speedwell  
Bastard speedwelL.. 
Pink weigela.  

Condition of the plant after 
treatment 

Retarded. 
Normal. 
Killed. 
Retarded. 
Normal. 
Killed. 
Normal. 
Killed. 
Killed. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

50 per cent killed; 50 per cent re- 
tarded. 

Normal. 
Do. 

/Normal (inside). 
1 Retarded (outside). 
Killed. 

Do. 
Do. 

50 per cent killed; 50 per cent re- 
tarded. 

Do. 
Do. 

Normal. 
Do. 

Killed. 
Do. 
Do. 

Normal. 
Normal. 

Do. 
Do. 

Killed. 
Retarded. 
Normal. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Killed. 
Normal. 

Do. 
Do. 

SUMMARY 

Experiments were conducted at Moorestown, N. J., to test the possi- 
bilities of hot water as a means of destroying the stages of the Jap- 
anese beetle in the soil about the roots of plants. 

The results of large numbers of tests showed that all stages of 
the beetle could be killed by immersion in water at temperatures 
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ranging from 110° to 130° F. In general, the necessary period of 
treatment varied inversely with the degree of temperature, but some 
stages were slightly more resistant than others. 

Treatment with hot water at 112° F. for 70 minutes was found to 
be practically exterminative of all stages of the beetle. 

A tank was developed in which water in circulation could be 
maintained at a constant temperature. 

Tests were made to determine the time re<iuire(l to cause masses of 
soil of different sizes and types to become heated throughout to a 
given temperature. 

Laboratory tests indicated that the hot-water treatment was fatal 
to Azalea, Rhododendron, Picea, Berberís, and Hydrangea, but 
could be used successfully on Dahlia, Iris, Paeonia, Phlox, Forsythia, 
Spiraea, Syringa, and Weigela (Diervilla). 

The effects of the hot-water treatment on a large number of plants 
are presented in Table 12. 

Recommendations based on the resiüts of experiments reported in 
this bulletin are given in the .section that follows. 

RECOMMENDATIONS FOR THE USE OF HOT WATER ON NURSERY 
PLANTS 

With the experimental work just presented as a basis, the following 
recommendations are made for the treatment of nursery plants with 
hot water to destroy infestations of the Japanese beetle in the soil 
about the roots. 

Equipment : It is necessary to have a tank of water that is equipped 
with a suitable heating device, and a system for circulating the 
water to maintain the temperature uniforndy at 112° F. The tank 
should be of sufficient capacity, and be of such shape as to adequately 
handle the different types of nursery stock. Equipment for drying 
certain plants after treatment may be necessary. 

Varieties of plants: Experimentally, certain varieties of herba- 
ceous and deciduous jdants have been treated successfully with hot 
water, as may be seen by consulting Table 12 ; it is therefore expected 
that these varieties can be treated in a satisfactory manner in the 
commercial nurseries on a large scale. 

Condition of the plants : Plants are usually most resistant to hot 
water when they are dormant, and most susceptible when they are 
growing actively. It is therefore recommended that treatment be 
applied only when the plants are dormant or semidormant. 

Temperature : The water must be maintained at a temperature of 
112° F. for the entire period of treatment. If the temperature falls 
below 111.5° F. the infestation may not be destroyed; if it rises above 
112.5° F. the plants may be injured. 

Period of treatment: The treatment must be continued for 70 
minutes after the soil about the roots is heated throughout to 112° F. 

Preparation of plants for trea.tment: A large proportion of the 
varieties which are treated with hot water have roots which are 
practically free of all loose soil. AU excess soil must be removed, 
the roots pruned, and large clumps divided as much as possible 
without injuring the plants. Small plants, bulbs, and rootstocks 
may be packed loosely in wire baskets, or in other containers, pro- 
vided water can circulate freely through the masses.   Large plants 
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must be placed individually in the hot water. Before the plants are 
immersed, thermometers must be inserted into at least three of the 
largest clumps, baskets, or root masses of each variety, in such a 
manner that the sensitive part of the thermometer is at the center of 
each mass, and nuist be left in jilace until the end of the treatment. 

Application : The roots must be immersed completely. The tem- 
perature of the water nuiy drop for a few minutes after the plants 
are immersed, but it should soon come back to the required déférée. 
A record of the temperature of the masses of plants and of the water 
must be made every live minutes as lonji as the ])]ants ai'e in the 
water. After the masses are heated to 11'2° F. the tem|X!rature must 
be maintained for 70 minutes. 

Care of plants after treatment : T'ho inseeticidal action of liot 
water is practically complete when tlie [¡hints are removed from the 
tank. The way plants are liandled after treatment may seriously 
affect subsequent «rrowth. Bulbs and tubers should be dry ■when 
packed for shii)ment. Plants should be cooled slowly to I'oom tem- 
peratures. Plants should not be removed from the hot water and 
heeled in in cold soil. The j)lants should be potted or set in the 
ground as soon as ])ossible after cooling to I'oom temperature. 
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